AD=A0S4 859 FOREIGN TECHNOLOSY DIV WRIGHT-PATTERSON AFB OH F/6 9/3
uAsxc CALCULATED RELATIONSHIPS OF ACYCLIC ELECTRICAL MACHINES W=-ETC (U}
B L Auvsvsuv- A 1 BERTINOV
UNCLASSIFIED F'rn-mmsn-oen-

I o
' bnr s
END
|
8-80




[llo 5 ke

=LK
L e
=
28 flis. pis
. |

L]
MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-1




T i e M .t A e A 3L S o el AN . W s

<53 FTD-ID(RS)T-0673-80
o | “
o
Y
o0 FOREIGN TECHNOLOGY DIVISION
!
S
<
a
<C
BASIC CALCULATED RELATIONSHIPS
OF ACYCLIC ELECTRICAL MACHINES
WITHOUT A FERROMAGNETIC CIRCUIT
by
B. L. Aliyevskly, A. I. Bertinov, et al.
ELECTE
) MAY 2 9 1980
-
&
(&)
'L
Cp
=
-
[ ]
(=]
3‘ Approved for public release;

distribution unlimited.

80 5 27 203

e s

TONR e .

R




~

FTDID(RS)T-0673-80

EDI ANSLATION
/L(-}fFTD-ID(RS)T 673-8 %.9 May P_‘i/’

MICROFICHE NR: FTD-80-C-000559L

_BASIC CALCULATED RELATIONSHIPS OF [
Ei ZACYCLIC ELECTRICAL MACHINES WITHOUT |
/ A FERROMZ\GNETIC CIRCUIT, . e

N ool

Aliyevskiy A. I Bertinov~eL, 8elov
o] A. Gl/.Sher<’¥ 2 / e «—»mnm/._--_ _,\

21| £ - s
Elektrichestvo
(us:sR) I.?sue l¢57
[dh?w-us 1972, by o =l
Country of Origin: USSR -
Translated by: (Gale M, Welsenbarger.
Requester: FTD/

Approved for public release;
distribution unlimited.

RSN, STETHL,

THIS TRANSLATION 1S A RENDITION OF THE ORIGI.
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR

EDITORIAL COMMENT. STATEMENTS OR THEORIES - PREPARED BY:
ADVOCATEDORIMPLIED ARE THOSE OF THE SOURCE

AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION

OR OPINION OF THE FOREIGN TECHNOLOGY OI- FOREIGN TECHNOLOGY DIVISION
VISION, WP.AFB, ONIO.

FID ID(RS)T-0673-80 Dates May 1980




o

Block
a

p

1w o
I W X O B N o

X X X W X m 1o
.

0n

*ve initially, after
When written as & in

vowels, and after b,

Italic Transliteration
A a A, a

5 & B, b

8 o v, v

r a G, g

4 2 D, d

E o Ye, ye; E, e#
N Zh, zh

3 Z, 2

H u I, 1

A ua Y, y

K = K, k

1 «a L, 1

M u M, m

H n N, n

0 o Q, o

a7 n P, p

Block

o

L £ X & < 4 0

T &€ WU w o EE £ L x 8 < 40 70
» & w 0 ¥ ¢ EF E

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

B

Russian, transliterate as yé& or 8.

RUSSIAN AND

ENGLISH TRIGONOMETRIC FUNCTIONS

Russian

sh
ch
th
cth
sch
csch

Russian English
sin sin
cos cos
tg tan
ctg cot
sec sec
cosec ecse
ACCESSION for 1,
NTIS white Section ff]
pDe Buff Section O
UNANNA'INCFD o
JUSTH. ICEIION
By .
DISTRIBUTION/AVAILABILITY
Ot AL and /of WEG L

Russian

rot
lg

English

sinh
cosh
tanh
coth
sech
¢sch

English

curl
log

Russian

arc
arc
arc
arc
arc
arc

sh
ch
th
cth
sch
¢sch

Italic Transliteratic..
P p R, r

C ¢ S, s

T m T, &

Y y U, u

® ¢ F,

X x Kh, kh

u y Ts, ts

Yy Ch, ch

U w Sh, sh

o Sheh, snch
- Y "

N w Y, vy

b » '

3 E, e

O » Yu, yu

A a Ya, ya

€ elsewhere.

n

3

[1.2]
[

p e

T

17

P Cow O
ooby

[

[
e, e

1
3

OO0 3w
U D

[}

—

O wmocr

0




S b i g A L e e A A A Al D ' 55 T A1 N 35 LN i 1155

DoC = 0673 EAGE 1

0673,9v

BASIC CALCULATED RELATICNSHIPS OF ACYCLIC ELECTRICAL MACHINES WITHOUT

A PERBROMAGNETIC CIRCUIT

Candidate of Technical Sciences, B. L. Aliyevskiy; Doctor of
Technical Sciences, Prcf. A. 1. Eertinov; Engineers B. L. Orlcv and

A. G. Sherstyuk,
Hoscow.
Introduction.

The application of direct-current acyclic sachines (UM) which do
not contain a farromagnetic circuit is promising in connection with
the use of cryogenic technclogy ané superconductivity for creating a
nev type of electrical equipment. The designm cf such UA is
coaplicated by the essentially ccnuniform distribution of the
sagnetic field in their ective 2cne. Estimating methcds of

calculating the eaf of the UM armature are presented in [1, 2). As an

experisental check showed [ 3], in a nusber of cases they give
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satisfactory results. Co the basis of these sethods and approximsate
relationships for designing sclepcids {4] an attempt was made to
graphically assign the range c¢f the most exgedient dimensions of
excitation coils [5, 6. Up until novw a general aethod has not been
developed for determining the dimension of the UM armature wvithout a

ferromagnetic circuit.

Prospects for the use of the examined UM in various branches of
technology [7] and the urgency cf creatirg eccncaically advantageous
acyclic generators and bigh-power motors based on the use of
superconductors and particularly pure setals fcr their inductance
coils [8, 9] require tk¢ develorsent of refined methods for designing
these machines. Tha arsature of a OM in the general case may have a
collactor rod winding with varicus cooling systems. In the present
vork ve examine the batic problems of the electromagnetic design cf a
UM wvithout a farromagnetic circuit with optisization ¢f the gecmetric
paraseters of the ring inductance coil perfcrmed using numerical

methods on a coamputer.

Determination of the Mair Dimensicns.

With an assigned rate of rctation, diameter D and the active

length 1 of the UM armature are deterained Ly the electromagnatic

load of the machine. Pclloving a known methcd [1, 10] it is possitle
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to obtain several foras cf the tasic design equation of UM wvhich are
presented below. When designing a UM with a superconducting
inductance coil it is ccnvenient tc use the maximua value of
induction B,, in the masgnetic system which must nct exceed the
critical value By . The linear lcad and currert density of the
armature are determined Lty thke method of its cooling and the
peraissible value of the electrical losses cf pover taking into
account the experience ¢f electrical machine tuilding. It wvas
established that indeperdently cf the structural diagraam (Pig. 1) the
diameter D=2R of the arsaturie during the designing cf a UM vith a
single pair of current-ccllecting circuits smsay be calculated

according to the relaticpship

Sf-P:-
D=y .—lﬁ.

)

vhere Pnn are the electromagnetic pover and the rate of rotation:
A=1/D is the structural coefficient. The coefficient cf use ct the

active volume

oa==0,5¢* (D°, 4+ D*,) ,,:—’ BmA.

vhere D#,=D,/D=R;/R 1 is the relative diameter of the circuit the
current-collecting ring ¢r of the collector nearest to the excitation

coil; D*,=D,/D=Ry/R is the relative diameter cf the current ccllector
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at a distance from the examined ccil; ks is the coefficient of the
shape of the curve of the current in the rods of the armature;

Ra=Bep/Bm=~0,1+1 ig the ccefficient of distritution of induction.

As Bcp ve take the average value of magnetic induction cn
surfaces S (Pig. 1), ccnrecting the circuits cf the current

collactors. The linear lcad ¢f the armature in the general case

- N 1
— #(0dt.
(2) Wl/_rs(

vhere i(t) is the current in the rcd with a period of change TI: N is

the nusber of active rcds of the armature winding.

Bxpression (2) for practical calculations can be conveniantly
represented in the fors
| P P
A=—7p—
vhere /x and 3 are the current c¢f the armature circuit and the

nuaber of series-connected rods cf the armature winding.

Por a sachine with a continucus roter c, =1 and kex=1. Por

collector UM with an arsature vinding of the rod tyre [9] the values

of the coefficient Res may be determined during detailed investigaicn

. aremasi
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cf probleas of coamutatica. In tite simplest case, assuaing that
comsutation is rectilirear, the distance betueen ad jacent brushes tp
is equal to the width ct the ccllector plate Ex and on the tasis of
this, analyzing the fors cf curve i(t) fcr the coefficient of brush
overlap B, =1 we obtaip ky,=2/)/3=1155 With values of the coefficient
p.( greater or less thesn one the ccefficent kex apprcaches cne. In
all variations Res increases with b,>b5. inasmuch as function i (t)
has the character of pulses with relatively large pauses. In

particular if Pa=l, bp=20y then kys~14l.

Calculations show tkat in a cylindrical um (Pig. 1a) it is
possible to assume that X=1.25-2.0 with C*,%1; in a disk machine
(Pig. 1b) with D*,30.2-0.3 ve have A=(D*—D*)f2cosf~035—045. A further
increase of \ is not expedient esgecially fcr machines with
relatively small dimensicns of the inductance coil since in addition
to an insignificant increase cf the emf there is a significant rise

in electrical losses ard in the seight of the armature.
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Fig. 1. Design diagrams c¢f a cylindrical (a) and a disk (b) acyclic

machine.

Por am acyclic sotor it is soaetimes convenient to write

relationship (1) thrcugh the electiomagnetic scment
3
(3) D=V -;:f-; c.==;—;-

In constructions with a sclid rotor as ap indsx of the current

load it is also possible to use the current density j‘ in the

arsature, The equaticns (1) and (3) assuse the forn
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4) b=V
() W,
D=y Zii =it

The coefficient characterizing the use of the active voluae of a

cylindrical un

0’n=0,25 73D* k3B mjn,

g

vhere j,=4/,/rD* is the calculated density of current in the cylinder

(3.
For a disk machine
0’.’0,5 ﬂ‘(\D.l +|D'ﬂ) b.Dk'Bmllv

where jy=/4/nDbp, b*p=bp/D are the current density and the relative

vidth of the disk on tte perirhery.

In those cases wvhen the rate ¢f rotaticn n is not a

preconditioned value, relationshigs (1) and (4) may be converted

introducing the greatest permissible linear velccity in the contact v«
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vhere ¢.=D,/D, is the ccefficient taking into account the difference
in the diametar of the real ccntact surface from that of the

aquivalent circuit of the current collector

Por excitation wvipdings sanufactured frcas especially pure metals
(aluminum trand 4999 or berylliuas) with lowu-temgerature cooling (with
hydrogen, neon or nitrcgen) relaticnships (1) and (4) are expediently
expressed in a differert form. Usitg the concept of average current
density jw=F:/Q (Fu Q— the total sagnetizing fcrce of all coils and
the total area of the transverse section) in the inductance ccil

consisting of my coils ve bave

(8) D=y i e=le fa

With a so0lid rotor for cylindrical Um

y T.. ’ [ ]
(9 D=/7T|" % =l3~'g'lull-

P
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Por disk machines

V2 £y
(10) b= ¥n ' "'=2’8—b blvels-

Bere ugy=Uwe10-7 H/m; 5050.1-3 is the dimensicnless coefficient
(relative emf) taking into account the geometry of the UM and the
current distribution ip the inductance ccil which is functionally

connected with kg by the relaticanship
E,=2zk,-B*(D* +D") 2.

The coefficient B*,=8,/ujR (relative value of greatest
induction) with mg=1 may be detersined from graphs {4, p. 309]; with
8y >1 according to [4] an approximate determination of B, is gaossible.
A refined value B, is cktained during calculaticn of the magnetic

field of the inductance coil.

The most axpedient values cf coefficients Os 0'a % % for various
types of machines and varids types of applications cf materials aay
te refined in proporticn to the accumulaticn ¢f experience in

designing and manufacturing UM vwithout a ferrcmagnetic circuit. The
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value of the diameter cbtained frcs one cf the relationships (19 and
(3)-(10) may be used directly ip designing takirg into account the
corresponding lisitaticns with respect tc thermal ccnditioans,
machanical strength, etc. and alsc be corsidered as the first
apgroximation during sutseguent cverall cptisization ¢f the machine
ccording to the selected criteria. The active length, i.e., the
distance between two cuirent collectors ¢f cppcsite polarity, for all

foras of the basic design equaticn (1) is 1=)\E.

Determination of the Optimus Disensions cf the Inductance Coil.

As a criterion cf cptisizaticn we select the vclume of the

excitation coil VvV since the kasic characteristics of the inductance
coil - the weight of tle winding G and the electrical losses in it

(for nonsuperconducting (M) - significantly depend cmn V. Dependence

Gy (V) with a constant charge coefficient of the winding is

practically linear., Blectrical lcsses in inductance ccils nade of
especially pure metals fcr one and the same values of the internal
radius of the coil and cf th; average current density in it with an
increase of ¥V, increase fasteér ttan the linear function of volume.
This is exrplained by ar increase in the intensity of the magnetic
field and consequently Lj a décrease of the average electrical

conductivity of the wirding material.

o T I
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Arguaents of optimization are the external radius Ry and vidth

b cf the axisymmetric inductance ccil with a rectangular transverse
;‘ section. The internal racius ¢t the excitaticm ccil Ry is assigned
by the equality Rs=R*,R (R*, is the structural ccefficient). The
mutual arrangeament of the examined coil and the armature is
characterized by parameter 2; (Fig. 1) apd is determined frca the
condition of the maximums emf. Use c¢f the princigple of superposition

sakes it possible to lisit the analysis to the examination of an

eleasentary UM containing one coil and a prair c¢f current-collecting

rings. In such a UM eaf is assigned by the relaticnship

(11) E=cgn(0—D3),

where @, @, are magnetic fluxes permeating the vicinity of the

current collectors.

Let us datermine the £lux thrcugh the circuit (r, 2z) in a linear
medium (with u=ugy) from the apnular inductance coil with an azimuthal
current density j, using the veéctcr potential cf the magnetic field

¢f excitation,

| o=8AdL=2xA,
(12) ? ’ !
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vhere A, 1is the aziautbal ccapcnent of the vector potential.

Using the integral represencation of the vector potential (1)

expression (12) may bte writtem in the form:

L’-..N

551. Q'E.'t() 'rE <):oc ? dedid,

(13) ®=p,

vhereby the distance frcs the 3cint of integration (3, ) to the point

of observation (r, 2) p=[r3+82—2rEcosp+ (2—3) 73,

. Testing (11) for tbe extresus by differentiating it with respect

to z; taking (12) into acccunt l¢ads to the equality

(1") RlBr‘-RQBﬂ- '

In the limit vith B;=0 or 2;-9=, i.e., vhen the radial ccapomnent
of induction from the examined ccil Bra 4in pcint (Rz, z2) is equal
to zero, equation (14) is satisfied with z,=t,/2, since in this plane

Bi(Ry 2))=0. Por satisfaction of eguation (14) with R,#0 and with

finite values z, it is necessary that z,>b/2. Hovever, calculations f




DoC = 0673

show that for real disensions of UB this increase of z, is
insignificant and does nct lead to a significant increase of the enf.
Therefore in the majority of cases it is reccsmended that the basic
coil be arranged so that its center is in the plane of the circuit of
the current collector clcsest tc it., Subsequently such an arrangesent

is assumed to be preassicned.

Arguaents of optisization cf R, and b are detersined as a
result of sinimization ¢t the criterial functicn of volume
V(Ra R.'b) while observing the ccndition E=censt. Taking (11) and
(13) into account we write the ccrresponding equations in

dimensionless forns:

=s(é: ﬁ:)b', (15)
ub® »

§§'é 3. ed‘ LE

n_(E‘W] cos pdpdl ot = const. (16)

The obtained notaticn amakes it possible, vith satisfaction of

the similarity criteria,

R°u=RJR: R*=Ry/R; b*=b[R; R*=R\/R:
ROU=RJR: 2,=2/R; ,=2/R; fy=]u/Is~ idem

to extend the results cf calculaticn to a number of analogs
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V=V/R'~ idem; £ = B/p,j,2nc,R* ~ idem.

Here j' is the crvrrent density in a randoam poiant of the
excitation coil; ., is the curreat density in a certain
characteristic point ¢f the exasined coil, for exaarple :i=R,, [=5/2.
Let us note that dimensicnless éaf E*o froam a, excitation ccils is

deterasined by the relaticnship

£=Yi & m.

(17)

The sinimum of function (15) with ccndition (16) is found by the
sethod of indeterminant lagrange multiplers. s a result of
conversions ve obtain a systes intc which, alcng with (16), enters

the connecting equation i

R.- & [ 4
{ ’8) ! =é':-R'. - ro._ﬁ_‘_ . ( E"E=-0°+ Elt:o =0)'

Bxpression (18) is written for the case when with possible
variations of the excitation ccil geometry its median plane remains
imwobile relative to tte¢ armature. It may be shcwn that if for

structural consideraticne it is necessary tc fix the distance betwveen

cne of the ends of the ccil ({=0 or i-b‘)and the armature then
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application of Lagrange‘’z method gives relaticnships identical to

(18) but in this case

é 't.0= 0

or

éle'..-_—_'o

respectively and the multiplier in frent of the bracket is doubled.

In expanded foram (18) is

(19) . Tz, .
[l i G, _
+i%& 0) (—f&—-’};‘f)h] cos pdpdi =0

; Joint solution of equations (16) and (19) makes it possible to

determine the optimum disensions of the inductance coil with respect
to a given emf. For cbtaianing calculation exp:essibns we integrate

% ) (16) and (19) wvith respect to ccordinate ¢:

Ry be
é=£ [l.' (!' E) VFI’ (kl)VR—’: _—
(20) ~f (k) VR dtd § = const;

b
J*= J 1 (R, & [ (&, )V TE, = f (k) V'RE)) db—
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Re

- °°'_/§? I VE{i% & 0 k) VR, -

Re,
— [k VR, |+ % & 0)[F (k) VR —
— [ (k) VR®]} dE=0.

(21)

Here function

PR =L 1K (&) — E()] — kK (k)

vhere K(k), E(k) are the complate elliptical integrals respectively

cf the first and seccnd kinds with the square cf the modulus
=4 Yl 4+H0 4 2= &),

oreover

o » r=Re,
a2, :=.:.
kll! =Ry I, . Rgy= k¢, .
» fEb.

ith a constant ccurrent density jy=const equations (16) and (19)
may be represented in s simgler toram. As a result of doudle

integration using convezsions [11] ve have:

.

s e v e n e e b s

i,;v“‘»‘m,‘,, ‘, e
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(22) E.=5(e,—e‘)cosqdv—_—const;
(23) J'-_=5(c.-c.)cosvd?=0.
shere

[ P @ —Tcos2pln (2 — {4 p)+
(z - C)r(cosv))(ln (& -rcos9+p) +

. R.
47 (sm2?) arctge-'c“"*'z"“"]
rsing

.
E=R",

ci=rinfz — &4 p(R", C)]"' R"‘ R”{P € 5*) +

+ o6&, 0) + 7 (cos#)XIn [t — 7 cosp + p e o%] +
+ r(cos@)inft —Fcosp 45k 0)]);';'

e, =ey , @,==g@ C, =¢C
F T e T e, T e e |
. (K] . ®
==z, SmEy Ly
Ca==Ci |, . :
W& ]
. ®
sz,

Cther forms of notation corzesponding to unidimensional
distributions of current demsity i»=/%®. =", are given 4n

Appendix 1, Let us ncte that the sclution of the inverse protlea

(i.e., obtaining the greatest esft in the case of a given voluse of
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the excitation coil) during differentiation cf E with respect to R#*
or b+ and 33const leads to the same¢ calculaticn relationships (18),
{(19) , etc. Although all ¢f the depandences given abcve are directly
valid for UM wvith a sirgle pair c¢f currert ccllector circuits, they

may, hovever, be extendeéd tc mcre ygeneral cases (see Appendix 2).
Mmuserical Processing ané BExperisetal Check.

Solution of the systesm of integral relaticnships
represented in the fora c¢f (20) and (21 or (22) and (23) relative to
kncvn b*, R*, may be cbttained vith gradient methods using ccaputers
[12]), for exaup%e, by the aethod of the fastest start. Hovever, for
plotting design curves it is more convenient tc sclve the systea
relative to the paranmetets i,h‘ (34 !'R‘k « In this case equations
(21) and (23) are solved by the method of chords or the methcd of
half division and value : is detersined directly as a result cof
namerical integration cf relaticnships (20) and (22). The simgplicity
of the algorithm and tte possibility of using a proliminarily written
prograa for finding the actual zrocts of a transcendental equation
detersined the selecticn of such a method for realization on
coaputers. Solution cf the system (22) and (23) vas carried cut on
the "Ninsk-22" coaputer relative tc the unkncwns be, f. The error of

numerical integration in this case vas &<0:!%. and the assigned error

of solution of equaticr (23) 8y = b*\—ba_i<< 005. Analogous calculations
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according to formulas (20) and (<1) vere perfcrmed ¢cn the "Nairi-2v

computer.,

Numerical integraticn in the process of calculaticns vas
performed using the Gaus:ian sethcd. The calculations showed that for
achieving the same accuracy as in the preceding case it is
sufficient, in the case c¢f single integraticn, to use the quadratic
foraula vith 6-8 points, As a result of these calculaticns graphs
vere plotted (Pig. 2 ané 3) whick sake it pcssible to determine the
optimum width b* and height hs= R*»—R*s of a section of the

inductance coil with resgect tc a given f.

24 = ’
- M0 Ao an
22 P y,
20 '
] 14 L
4 V‘.”' /)
18 1
44 ——
12}
10
01
o8
oy
a
' e
¥ 4

Pig. 2. Optimus dimsensicrs cf the inductance coil of a cylindrical On
(z\=1.5).
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Pig. 3. Optimua dimensicns of the inductance coil of a disk 0N

A N v

. ¥
(2302;30. 2; 3'23002) . ' ;’

Por checking the presented sethod ve calculatad and measured the

magnetic flux of models c¢£f a nuster of experisental inductance coils.
Plux vas deteramined using a wéberaseter type F-18. In this case it vas

' taken into account that

é: __ & = i ="
‘!: (24) e b |
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The results of cospariscn cf experimental data wvith calculation
according to foramulas (4C) and (22) with R*,=0 showed their

sufficiently good corresgondene (see table, where v= (0",,,—0'»)/0'“.

B’:O‘

R Re o . N v

" b i "Pocm %mn %
1,11 ]1,69 1,38 | 0,69 0,923 0,928 0,54
1,26 { 1,9 1,55 {0,775 1,009 1,015 0.6
1,41 {1,38 3,3 | 1,68 0,692 0,693 0,14
1,26 ] 1,55 3,78 | 1,89 0,774 0.776 0,26
1,11 | 1,658 1,48 10,74 0,919 0,927 0,87
1,25 | 1,863 1,66 | 0,83 | 1,007 1,036 2,9
it | 1,73 1,29 1 0,645 | 0,925 0,904 | -—2,8
1,25 | 1,94 1,45 | 0,726 1,009 0,990 | —1,89

Table. KBY: 1. calculaticn. 2. experiment.

Using experisentally checked calcvtrxlation algorithes curves vere
plotted (Pig. 4) which stow the character of change rdependinq on
the geometry of the coil in the case of preservation of the constancy
of the relative volune :. AsS is evident fros fig. 2-4, values b* and
h* =R*s—R*,, which provide the extreamua g, in all cases coincide with
their values obtained frca soluticr of the systes (20)-(23). The use
of the method developed sbove is illustrated bty the the exasple of a

check calculation of a UR (Appendiz 2).

Bvaluation of the accuracy c¢f the previcusly suggested

approximate sethods of cgtimizatica of the inductance coil shoved the

following. Optimization eaccording to the vell-kancwn methed of Pabry

T AITRERNTRL I 1 5y v
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(vith respect to the greatest f£ield on the axis), suggested as

applied to UM [3], gives an errcr with respect to the the sides of
the section of the ccil for the versions of a disk machine calculated
above from 90-15 9/,. 1bhe erxror bere decreases in proportion to the
increase in the dimensicns cf the inductance coil. For cylindrical
sachines, especially in the case wvhen using relatively short aratures
{x\<1.5) this method leads tc even greater errcrs. The relaticnship of

sides, determined according tc [S] (coinciding in individual cases

vith the optimum) for various R*, may give a deviaticn up tc

40-50 o/, (Fig. S). Bcth of these¢ methods, hcuvever, [S and 13) give a
satisfactory qualitative characteristic cf the change of the geometry
cf the inductance coil with an iccrease cf its volume (especially for
disk UM) and in 1light cf the sufficiently plane extreaum eaf they say

te used in estimating czlculaticas. .

T Y R M o~ <

3 4 ~
52 A :
FY,
”
”»
18 2
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Pig. 4. Results of the calculaticn of the relative eaf F for various
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dimensions of coils vhile maintaining constancy of volume Vs=cont.

1, 3 - cylindrical on, Aot &V, mBs Re, =11 Vymet; R =1z 2, 4 - disk Un

Tt =03 Ve 12.5: R 1 Do 43 o, w10

9_5-

fa-tn-

(2

37

33 R IH

2y eis)

NS

r& ] -

o T P

" Lol E

Pig. S. Dependence of the relaticnship cf sides ¢f an inductance coil

_of a disk UM on the relative volume of the excitaticm coil. I -

calculated according tc [14]; IX - calculated according to [S5]); III -

calculated according tc (18).

Conclusions.

Expressions were cttained fcr determination of the basic
dimensions of the armature and inductance ccil of Un without a

farromagnetic circuit., 1integral relationshiges assigning the optimua

gecsetry of the inductance ccil vere nuserically processed on a
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cosputer. As a result calculaticn curves vere plotted froa which the

geometric parameters of am annular excitaticn coil with a given

relative eaf are detersined. The presented methcd is sore universal

and accurate than thcse suggested earlier and ccrresponds wvell to

experimental results.
Apgpendix 1,

Por 1=, (E’)P |
2= §l ik =t =
R,

- lsx lﬂ(z.| _ C.+ p..)lgso cos 7d,d§ = const;

Tom (1 (R0 (R tn (2, — $4, (ROp)]—R"3 12 [24 —

e I

~tth R} convar +

R, «
=S

R, R,
+= cos 9494‘ -0,
lwto €0 ]

for Jajy(f)

$ .
(2 ! 6[ hSu -l.l?:p. <08 $dpd Emm const;

i WD PRI et s L,
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[ N
in

(R%s, E) % (R%, E)

b ¢ ) R*, - R®, e -
1-5 ING) ['.' ] 08 pdyd?
L 57. dmEH-nt i+

B-R,

+h.0 B0 —1, ¢ on{:_” cos pdy =0,
[ ]

where I m?p+rcosyln(p+ € —reony),

“-l‘ » ’I-l‘
:-.R% E'rn
:-l. Sumty

Appendix 2. Checking calculatica of the unipolar motor of the firs

IRD [9].

1. Diameter and active length of the armature. The examined
motor has two pairs of c¢cllectors (n,sZ) ccnnected in series and
symmetrically arranged re¢lative tc the excitaticn ccil. Therefore the

electromagnetic soment éte to one active section comprises half of

ob 23 ST

; ,' the scment of the ROtOr: MM, m.=056-18 Ms. Acccrding to (3)

3 ) T
P= I/%-'l/mm"m =216 &,
{wmA\Dm=0,375-2,16 = 0,81 u,

vhere ‘z=e¢/2a=mi15750 J/n?,

SR
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0,50 (D%, 4 D%) kpBud _

koo
0.5w* (1 +°'2ﬂ 35.5553.3.4-9 800100 Tfmd

A=9850 A/ (winding cf the araature with direct water cocoling).

2. The internal racéius of the excitaticnm coil
Rl-R.‘R—loll ¢ lnw'l)z M,

3. Tha relative evf. Considering that m.«l, ¥e¢ have:

4. The external radius and the¢ width of the excitaticn ccil.
Disregarding the insignificant deviations of parameters ;,&Jb, froa
those calculated according to tié curves of Fig. 3 ve £find
Rym13, 0°=081; then R,=R*R=1405 B, dmi*Rm058 B. The ccefficient &,
deterained according to the found dimensions using [4] coincides with

the value accepted during tke cteck calculaticn 4,=055. .

Parameters of the real motor (9): D=2.16 »; 1=0.81 m; Ry =1,2 n; 1
Ry =1.,42 a; b=0,535 m. 1ke values calculated above correspond vell to

this data.

Beceived 7 June 1971,
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